The objective of this study was to assess the relative effects of age and oral hygiene on the progression of periodontitis by estimating incidence from age-specific prevalence. This study analyzed datafrom a representative national sample of 14,690 dentate Americans, aged from 15 to 74, seen in the first National Health and Nutrition Examination Survey (NHANES I) in [1971][1972][1973][1974]. Results showed that the rate of increase in the estimated incidence of periodontitis with age, throughout all age groups, is much higher among subjects with poor oral hygiene than among those with good oral hygiene. Oral hygiene was confirmed as the most important predictor for periodontitis; in all age groups, more than 95% of those examined with good oral hygiene did not have periodontitis. It was concluded that the effect of age on the progression ofperiodontitis could therefore be considered negligible when good oral hygiene is maintained.
Introduction.
Numerous epidemiological studies, summarized in a series of reviews, show that diseases of the periodontium are among the most common human afflictions (Chilton, 1950; Scherp, 1964; Waerhaug, 1966; Ramfjord et al., 1968; Chilton and Millett, 1977; WHO, 1978; Sheiham, 1979) . Results of these reports, despite their variety of research approaches among populations with divergent cultural, socioeconomic, and geographic backgrounds, have been remarkably uniform with respect to the strong positive association between periodontal diseases and both age and oral plaque deposits. Greater tooth loss in older age groups has also usually been attributed to the effects of periodontitis, long accepted as the major source of tooth loss in adults (Becker et al., 1979; McHugh et al., 1982) .
The cross-sectional nature of those earlier studies, however, may have produced misleading conclusions, because they were often interpreted to suggest that periodontal destruction progressed with increasing age in a nearly linear fashion. The use of composite indices, which recorded scores for both gingivitis and periodontitis on one scale, also tended to confuse the true picture of the natural history of periodontitis. Unfortunately, many of these earlier studies did not account for oral hygiene status when assessing the effect of age on periodontal diseases, but the association between age and periodontal diseases is less clear when good oral hygiene is maintained. Boyle et al. (1973) stated that age has only a slight effect on reduction of alveolar crest height when dental and periodontal health are maintained. The longitudinal study of Suomi et al. (1971) demonstrated that gingivitis and periodontitis were consistently associated with poorer levels of oral hygiene, regardless of age, while the longitudinal studies of Loe et al. (1978a Loe et al. ( , 1978b and Anerud et al. (1979) have indicated that periodontal disease development was virtually halted in adults who maintained a high degree of oral hygiene.
More recently, a series of epidemiological studies has shown that the prevalence of advanced periodontitis, meaning at least one pocket of 6 mm or more, is not as common in older persons as was previously thought (Hugoson and Jordan, 1982; Beck et al., 1984; Burt et al., 1985) . These cross-sectional surveys are in accord with recent clinical studies which challenge the long-held belief that periodontitis progression is more-or-less linear and evenly distributed in the mouth (Socransky et al., 1984) . Lindhe et al. (1983) (Imery, 1986) , it does not view periodontitis as age-dependent.
It can be argued that in cross-sectional studies associating periodontal disease with age, both risk factors and disease are ascertained at the same time, thus failing to establish the temporal sequence of events necessary for drawing causal inferences (Kleinbaum et al., 1982) . In other words, such studies do not differentiate between age effect and cohort effect, the latter defined by Last (1983) as the variation in health status that arises from the different causal factors to which each birth cohort is exposed. Longitudinal studies could distinguish between age effect and cohort effect, but in representative populations they are expensive and difficult to conduct. Instead, statistical methods which can use cross-sectional data to distinguish between age and cohort effects would assist in further defining the natural history of periodontitis. This paper further addresses the nature of age as a risk factor in periodontitis, and does so using cross-sectional data. Generally it is impossible to estimate incidence from age-specific prevalence, because prevalence is a function of both incidence and duration of disease, and there is no simple relationship among these three factors. However, for non-fatal diseases that are usually considered irreversible, such as periodontitis, a statistical model suggested by Leske et al. (1981) can be applied to estimate incidence from age-specific prevalence. This paper analyzes data from the first National Health and Nutritional Examination Survey (NHANES I), conducted from 1971 to 1974, to determine whether the incidence of periodontitis increases with age in a representative sample of the U.S. population.
Materials and methods.
Detailed descriptions of NHANES I can be found elsewhere (Kelley and Harvey, 1979; Burt et al., 1982; Ismail et al., 1983 All respondents answered a detailed questionnaire on health history, and medical and dental examinations were provided. In the dental segment of the survey, periodontal disease and oral hygiene status, in addition to other assessments of oral health, were measured by 10 trained dentists at 65 examination locations. The Periodontal Index (PI) of Russell (1956 of Russell ( , 1967 was used to assess the presence and severity of periodontal disease, and oral hygiene status was recorded by the Simplified Oral Hygiene Index (OHI-S) of Greene and Vermillion (1964) . For the analysis in this paper, the presence of periodontitis was determined according to the treatment need criteria used in NHANES I (Kelly and Harvey, 1979); gingivitis is not included in this analysis. Oral hygiene was also based on treatment need criteria, and was classified as good or poor according to the examining dentists' judgment of need for professional removal of calculus and plaque deposits.
This analysis is restricted to dentate persons aged from 15 to 74 (a total of 14,690 persons) in the NHANES I survey. Other variables from the NHANES I examination and interview used in this study include gender, race, education, family income, dental visit frequency, toothbrushing frequency, and number of teeth present.
Statistical analysis.-The basis of this analysis is to estimate incidence from age-specific prevalence data. In using the technique of Leske et al. (1981) for estimating incidence, one must make the following assumptions: (1) The duration of periodontitis is life-long after diagnosis; (2) the mortality risk is the same in diseased and non-diseased individuals; and (3) periodontitis is a stable disease in a stable population, i.e., disease incidence and population composition remain constant over time. Under assumptions 1 and 3, the number of persons with periodontitis at the end of an age interval will equal those with the condition at the beginning of the interval and alive at the end of it, plus those developing periodontitis during it. This can be expressed as The next approach was the use of logistic regression as a more analytical investigation into the relationship between age and periodontitis by correlating the occurrence or non-occurrence of periodontitis to age for all individuals in the sample. The logistic regression model is also used to account for other pertinent factors such as oral hygiene, income, number of teeth in the mouth, frequency of toothbrushing, dental visit frequency, gender, race, education, and family income. The predictive power criterion (Berki et al., 1985) was used to decide upon the best model. From this data set, estimates of the regression coefficients were computed, and the probabilities of periodontitis were estimated from these age-specific and oral hygiene-specific coefficients; these probabilities are actually estimates of age-specific prevalences. They differ from the original prevalence in that they are fitted values from the logistic regression-better to the extent that the logistic model is appropriate for the general population, since the fitted values from all regressions are less variable. From these estimates of prevalence, incidences were estimated using the formula of Leske et al. (1981) presented previously.
In the statistical analysis, two measures of association between periodontitis and the best predictive variables were computed. By using the estimated incidence, we calculated the relative risk for each age group, and by use of the coefficient of the best predictors for the disease and the risk factor, the measure of association is expected to equal unity. Values of the measure of association larger than unity indicate the presence of an association between the disease and the risk factor. The etiologic fraction among exposed persons-defined by Last (1983) as the proportion of persons with disease among those exposed that can be attributed to exposure to the risk factor was also calculated for each age group.
Significant tests are not included in the results, because for groups of this size even trivial differences are usually statistically significant.
Results.
Information about distribution of periodontitis by age (Table  1) follows the expected patterns. The prevalence of periodontitis increases with age up through age group 55-59 (where the prevalence is 20.8%), then it shows a slight reduction which could be explained by the greater loss of affected teeth in the older age groups. Table 2 shows the extent of periodontitis among subjects stratified by two levels of oral hygiene. Al- Table 3 shows that although there is variability of the estimated incidence throughout the age groups, due to the cross-sectional nature of the study, the estimated incidence rates appear to be higher among subjects with poor oral hygiene than among those with good oral hygiene.
The logistic regression model is used to account for differences between those with and without periodontitis as affected by age, oral hygiene, gender, race, income, education, number of teeth in the mouth, dental visit frequency, and frequency of toothbrushing. The predictive power criterion is used for evaluating the regression models. Oral hygiene is found to be the most important independent variable from among those listed, with a predictive power of 0.769 (X2 = 2691.01), followed by age, with a predictive power of 0.675 (X2 = 251.46). The predictive power for the model containing both variables of age and oral hygiene is 0.738, in comparison with the model containing all covariates, where the predictive power is 0.740. From this comparison, it is clear that the model containing all covariates did not contribute much beyond the model containing only age and oral hygiene variables. Table 4 presents the estimated coefficients for the logistic regression analysis for the two main predictors of periodontitis, oral hygiene and age.
Based on these regression coefficients, a fitted prevalence was computed for each age group stratified by oral hygiene levels. Table 5 shows that prevalence increases throughout all age groups in both oral hygiene strata. Again, the fitted prevalence for subjects with poor oral hygiene is much higher than for those with good oral hygiene. Table 6 presents the estimated incidences based on fitted prevalences using the formula of Leske et al. (1981) . In both oral hygiene strata, the estimated incidence of periodontitis increases slightly with age, but the increase of estimated incidence in the good-oral-hygiene group is less than in those with poor oral hygiene. The relative risk for each age group ranges from 17.2 to 8.2, indicating a strong association between disease and oral hygiene. In Table 6 , the values of the calculated etiologic fraction among exposed persons range from 94% to 88%, indicating that at least 88% of periodontitis among all exposed age groups can be attributed to poor oral hygiene.
Discussion.
Age is considered a determinant of many diseases, i.e., the incidence rates of disease vary with advancing age. Although longitudinal study is required to assess most validly the effect of age on disease, the question of practicality is raised when one studies a disease such as periodontitis: Studies of some 40 years would be required -clearly not a practical proposition. Prevalence data are so much easier to obtain than incidence data in population studies.
The method of estimating age-specific incidence from prevalence data (Leske et al., 1981) , employed in this paper, would be a valuable research tool if the assumptions on which it is based are valid. The first assumption is that periodontitis is irreversible, a question on which there is some uncertainty. Irreversibility has been challenged by data which suggest that spontaneous healing of periodontal lesions can occur in the absence of therapy Lindhe et al., 1983;  (Table 4) . Becker et al., 1984) , although healing of a periodontal pocket following surgery almost never results in the formation of significant amounts of new connective tissue attachment (Nyman et al., 1983; Lindhe et al., 1986) . Other studies have demonstrated that a reduction in the probing depth measurement may not represent a gain in connective tissue attachment but rather a resolution of the inflammatory lesion in the gingiva (Polson et al., 1980; Van der Velden, 1980; Janson et al., 1981) . Thus, while the first assumption has some questions around it, there is no firm evidence yet to reject it. Second, it can be assumed that mortality is the same for persons with and without periodontitis. (Tables 1 and 5 ), the increase in prevalence is much more pronounced in the poor-oral-hygiene stratum than in the good one when the data are stratified by oral hygiene status. Furthermore, analysis of the data (Table 6) shows that the incidence rates, throughout all age groups, are much higher among subjects with poor oral hygiene than among those with good oral hygiene, so the effect of age on the progression of periodontitis could be considered negligible when good oral hygiene is maintained. This conclusion is enhanced by the information in Table 4 , which shows a strong association between disease and oral hygiene (odds ratio = 20.52, i.e., the odds of having the disease among subjects with poor oral hygiene is 20.52 times greater than among those with good oral hygiene), while the odds ratio of 1.24 indicates a weak association between the disease and age because the odds ratio is close to unity. Furthermore, it is interesting to note that estimated overall incidence reaches a maximum for periodontitis in the 25-29-year-old age group. This higher incidence is explained almost entirely by poor oral hygiene when the 25-29-year-old age group is stratified by oral hygiene levels. These results agree with those of other studies, suggesting that periodontitis can be explained largely in terms of oral hygiene (Loe et al., 1978a (Loe et al., , 1978b Anerud et al., 1979; Burt et al., 1985) , although even that long-held hypothesis still needs further investigation (Listgarten et al., 1985) . While the evidence is that oral deposits are likely to be a major contributing cause of periodontitis, it is likely that their effect is mediated by host response to a greater or lesser extent.
This study supports the hypothesis that age is not a determinant of periodontitis when excellent oral hygiene is maintained, and it does so by deriving incidence from prevalence data. Based on the results of this investigation, it can be concluded that periodontitis is mainly related to the oral hygiene status of subjects and that age could be considered as a correlate rather than a risk factor.
The statistical method presented (Leske et al., 1981) could be a useful research tool in estimating age-specific incidence of periodontitis from prevalence data, given the difficulty of longitudinal studies. Like all statistical models, its utility depends upon the validity of the assumptions upon which it is based. While we have suggested that the assumptions underlying this particular model are valid, more research is required on the issue of irreversibility of periodontitis. Although the results of this study firmly support the role of plaque deposits in periodontitis, that issue also requires further investigation to determine plaque's role, relative to the host response, in the natural history of this condition.
(Results and conclusions are solely those of the authors and are not necessarily those of the National Center for Health Statistics.)
